Abstract -
INTRODUCTION
At the University of Waterloo, 200 first-year Mechanical Engineering students start their first co-op placement after only one or two semesters on campus. "ME 100: Introduction to Mechanical Engineering Part 1" attempts to familiarize students with engineering design, professionalism, communication, and engineering graphics. A re-design of this first course in Mechanical Engineering was needed to quickly prepare students for the job search, and to help build community within the ME cohort. ME100 was designed to create clusters of familiar faces for first-year students within their large class. This paper describes the team-forming model based upon the co-op hiring process, and presents measures of the impact on the class. Similar to the course described by Gentili and Trevisan [7] for Electrical Engineering, ME100 was highly "process oriented", providing a focus on the team interaction, communication and the design process rather than a focus on the final product of a design.
The nested cluster approach is illustrated in figure 1 . On the right of Figure 1 , 100 dots are shown in a grid. To the left, 100 dots are arranged in four large clusters, each with five small teams nested within them. The figure to the left appears as if there are fewer dots than to the right. In the same way, a large class broken into clusters makes it easier for students to identify with their colleagues, seeming as if the whole class cohort is smaller and more personal. As an instructor, the clustered class is easier in which to identify individuals, and recognize to which team and cluster a student belongs.
Benefits of Team-based Learning (TBL) are welldocumented. Michaelsen and Sweet [10] provided a guide to effective TBL but did not measure effectiveness or suggest methods for assessing impact of teams in an academic setting. Johnson et al [8] have presented a detailed measurement of the benefits to both students and instructors in a small programming class by considering the team Shared Mental Model (SMM) for skills acquired. The SMM used by Johnson et al incorporated performance measures related to several aspects of the team experience and course content. The measurement method provided more quantitative analysis than simple opinion surveys. This paper presents another set of objective measures of class behaviour that was related to team-forming and management which could help to bolster the conclusions of [10] and [8] .
Methods of Forming Teams
There is a rich set of literature on different approaches to forming teams within university classes [1, 3, 4] . The methods for team forming range from random assignment, self-selection, personality test selection, experience-based selection, or grade performance based selection. Missing from the literature is interview-based selection, despite the reality that students are hired for coop positions using interviews that effectively result in assigned work-place teams.
Best practices for team-forming in the literature are largely based upon the authors' perceptions rather than upon performance measures [6] . However, Chapman [5] and Bacon et al. [2] have offered survey results to assess the impact of team-forming. Bacon provides detailed reports after asking students about their "best" and "worst" experience in team-work. The results indicate that team longevity is important, and that random selection for short-lived teams resulted in many of the "worst" experiences. Both studies report, while "random" seems fair, there is no evidence to suggest it makes for the best team experiences.
ME100: Cornerstone Design
ME 100 is divided into two sections: 1) Engineering Graphics and Design (EGAD) and 2) Design Communication and Professionalism (DCAP). The EGAD portion of the course introduces students to engineering design and drafting methods. The DCAP portion of the course teaches students how to effectively communicate design ideas and introduces them to their responsibilities as a professional engineer.
A similar course, MTE 100, is taught to students in Mechatronics Engineering in their first term at the University of Waterloo. Prior to the 2014/15 academic year, both ME 100 and MTE 100 were taught in a similar fashion, both with the EGAD portion as separate and parallel. EGAD section of both courses is taught by the same instructor. The topics and weekly assignments are the same for both courses, making it useful for comparison.
CO-OP and TEAM SELECTION
In first-year programs at the University of Waterloo, the Co-operative Education & Career Action (CECA) deliver a one-hour lecture in the first week of classes. The session introduces the co-op program and online job search resources to new students. The same lecture is given to all programs in the faculty of engineering. This common information lecture does not allow for discipline-specific detail, or for any personalized help with resumes.
ME100 during Week 1
After the first one-hour lecture by CECA staff, a set of one-hour tutorials with each cluster of 25-30 students was facilitated by undergraduate Teaching Assistants (TAs). The students sat in small groups within their cluster and shared ideas for things to include on their own resumes. CECA staff and TAs circulated to offer guidance and answer questions.
Following the tutorial, students prepared a resume to share in the next class. Again, students were broken into their tutorial clusters where they exchanged resume drafts within ad-hoc groups.
By the end of the first week, students were required to submit their second drafts to an online discussion forum in the course management site. Just as in the classroom sessions, the online forums were constructed so that students shared only within their cluster, making the large class appear smaller to each individual student.
Once resumes were uploaded, students were given instructions on how to critique each other's resumes, and were told that they would be graded on the quality and quantity of feedback for the resume comments, not on the quality of their own resume. Suggestions were made regarding missed points, formatting, grammar, punctuation and more. TAs encouraged students who were struggling to seek help from CECA. Both this encouragement and peer-to-peer comments led to significant improvements from rough drafts to final versions.
By the end of the first week of classes, the activities in ME100 had allowed students to meet 25-30 of their classmates, read about the background of their colleagues, have two significant interactions with a single undergraduate TA, and develop their co-op resume. From the first week until the end of the term, each cluster was connected to the same TA. Students quickly got to know their TA, who became close with his cluster of students. Enthusiastic TAs were essential to the cluster structure.
Team Forming in Week 2
In week 2, the class received a list of job descriptions for members of an ideal design team (see Appendix A). They were told that team forming would follow a process similar to co-op hiring. Each student would meet, interview, and rank their classmates to be employed on "my design team."
In preparation for interviews, each cluster covered ways to prepare for an interview, common interview questions, and online resources. The tutorial had CECA staff present to provide support.
At the beginning of the large lab period, students met in their clusters for timed interviews, then went through a 4-minute speed-date cycle. One partner was the interviewer, another was the interviewee. Throughout this experience, students carried tally sheets to rank each other based upon their interview and resume. At the end of 2 hours of interviews, students submitted ranking sheets to the TAs. Each student had participated in 28 separate interviews, thus meeting one-on-one with everyone in their cluster.
On the ranking sheets, students marked the rank (1-5) for each of their interview partners. They indicated which team "job" they thought was appropriate for each interviewee. A section was included for students to list their top five 'dream team' members.
Ranking sheets were taken to a private room then sorted to identify the 5 students who were most highly ranked in each cluster. These students formed the base for each team. One person from each of these students' ranking was added to their team. This process was repeated until all the students had been assigned to a team. Each student was placed in a team with at least one other person whom they had ranked highly. Close attention was paid to prevent pairings where low rankings were given between two students.
Later the same day, team assignments were posted. Students seemed genuinely pleased with their assigned teams. Of 40 teams created in this way, each having 5-6 members, there was not a single complaint or request to change teams.
Team Charter in Week 3
Once teams were formed, students discussed individual roles in their team. Students generally agreed that the job descriptions were too narrow. Each team was instructed to formulate a "Team Charter". The Charter was a document signed by all members of the team which detailed their self-determined rules and policies. They were given no template for this, and, when asked, teaching staff encouraged students to put whatever policies they thought were needed.
The 
RESULTS:
Assessment of the impact from this method of team forming in ME100 is based upon four independent and largely external measures. The authors have not included the student opinion surveys, or any other survey results from students in favour of independent quantitative measures.
Tutorial Attendance
Tutorials were scheduled by the registrar before the semester in rooms which would hold ¼ of each of the 4 classes (2 ME and 2MTE). Students began missing tutorials after the first week.
In the MTE100 tutorials, attendance was taken. Students were aware that grades were associated with their attendance. In contrast, ME100 attendance was recorded by the TAs who noted which teams did not have a full complement. Students in ME100 did not sign an attendance record, and no connection between attendance and course grade was ever suggested. Figure 2 shows that the rate of absence was higher for MTE students as compared to ME students. Based upon the class sizes, this reflects 24 students skipping tutorials out of 195 in MTE each week versus 4 students out of 219 for the ME class in 2014. In the ME class, most of the tutorial sections had full attendance, and the 3 or 4 students not present were scattered throughout different teams. When asked by TAs about absent members, it was common for students to bring up their team charter policies that they were using to address the absences.
Graphics Late Cards
The EGAD portion of both ME100 and MTE100 is taught by the same instructor as a separate sub-course to more than 400 students in ME and MTE. Each of the 4 cohorts are nearly equal in size. Students complete weekly individual assignments, plus a midterm and exam. The workload for the weekly assignments is heavy, and has been largely the same for several years. The assignments are identical on a week-by-week basis for both ME100 and MTE100. To help reduce stress for students during the weeks of high work load, the instructor has given each student two "Late Cards" to use at any time. The Late Card allows students to have a 48 hour extension for their weekly assignment.
In past years, approximately half of the late cards have been redeemed by students. In 2013, the ME class redeemed 237/448 (53%) late cards while the MTE class redeemed 152/282 (54%) late cards available. In 2014, the MTE class redeemed 190/390 (49%) late cards.
However, the use of late cards by the ME class in 2014 was significantly reduced to only 138/438 (32%) of the available late cards.
Co-Op Hiring Rates
The Co-op job search is a major stressor for first-year students. While more than 95% of students seeking Coop placement indeed find something before the start of their co-op semester, having a job by mid-term relieves a great deal of pressure for a student, allowing them to focus on courses.
When recruiting co-op students, employers typically interview students from many programs for the same position. A comparison of the hiring rate for ME students with the rates for other programs in the faculty is a realistic comparison between ME students and their pool of competitors.
The initial "fixed round" of job searches conclude with a "match day" on October 30 each year. A student receiving a match may then accept or reject the position. If the student ranked first by the employer declines, then the position is automatically offered to the next ranked student for the job. Being "ranked" is an important measure for students co-op chances. Table 1 shows the comparison of the percentage of the class that was hired by match day. This data represents only the employers' top choices. The ME data is for the first-semester students looking for placements in January. The data for "Other Engn" includes all students from 1 st to 3 rd years in all engineering programs. It is typical that the hiring rates are lower for 1 st year ME students than senior students. It is clear that the hiring rate on match day in 2014 was nearly double what it was the previous year. The hiring rate for all other students in the faculty was the same from 2013 to 2014. To be interviewed, and then ranked by an employer is a boost to the student's confidence. Comparing 2013 and 2014, there was an increase of interview rate (42% of 2013 class to 49% for the 2014 class). The interviews were selected by the employers from resumes submitted during the first two weeks of the semester. Only the ME class engaged in the resume review and revisions described in section 2.
In 2013, 72% of ME students interviewed were ranked by employers. In 2014, 89% of first-year ME students receiving interviews were ranked. Clearly, the employers responded to the 2014 class by choosing their resumes more frequently, and considering their interviews to be more acceptable than in 2013.
DISCUSSION
It is hard for faculty to know what truly goes on inside a student team. The measures presented here showed external effects of the team-forming process reflected in higher co-op employment statistics, in greater attendance, and in a lesser need to submit assignments late for a parallel course.
The ME100 students, through the method described in this paper, were formed into 8 separate clusters each with 5 teams. The teams existed for the entire 12-week semester. Through the semester, teams engaged in a challenging open-ended conceptual design project.
Of the 40 teams, there were 2 who felt it necessary to approach one of the two professors in the course for help with team issues. These were either a team member had stopped contributing, or a team member significantly disagreed and was destructive to the team.
The most telling question might be whether or not students would choose to work together again. For half of the class, a follow-on course began in January. In this class, students were required to make new teams. The registrar had placed the new ME101 class into two separate sections which bore no connection with the ME100 clusters. Since students were only able to form teams within their new ME101 clusters, many students were in fact orphaned by their place in the new class sections.
Students were actively discouraged from signing up the same teams. Figure 4 shows the makeup of ME101 teams compared with the team makeup from ME100. Of the students who had participated in ME100, the majority of the class chose to form teams with two or more members from their previous semester. These groupings, in a number of cases, consisted of three students from one team joining up with 2 students together from a different team. Thus, the students, even when discouraged actively by the teaching staff and the registrar from re-forming their teams from first semester chose to regroup.
5.CONCLUSION
The work presented here shows the impact of a specific method of team assignment in a large first-year engineering class. Measures used to assess impact of the changes were comparison of:
-attendance records of students in a parallel course -"late cards" between two parallel programs -employment rates on Match Day -student choice for re-selection team members. ME students in the Fall 2014 term had a higher tutorial attendance, and a lower use of late cards than a parallel cohort in a non-team based course. The extensive use of teams in ME100, and specifically the teams development of their own rules of governance allowed students to police their own attendance, and thus their level of engagement.
The majority of the students chose to work with the same students as they "hired" in their first semester teams when re-formed in a subsequent course. Despite a challenging workload, the teams that were formed evidently had a successful bonding experience.
The process of using interviews and resumes to rank complementary students in teams appears to have been effective in producing teams with very low attrition, and a very low number of internal team conflicts.
Finally, the use of practice and peer-criticism in development of resumes and interview skills appears to have resulted in an improvement in first-year co-op hiring for the Mechanical Engineering class. 
